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Decisions in Insect Colour Vision
The retina provides an example of a fundamental property of
developing cells: cell fate decisions are stable. A recent paper reports
a double negative feedback loop that leads to bistable fate decisions in
the colour-detecting photoreceptors of Drosophila.Matthew Freeman
There is no place in an animal for
a cell with an identity crisis. A
confused cell is unlikely to
function properly and may be
dangerous if, for example, it starts
to proliferate inappropriately. The
concept that cells need to make
stable, all-or-nothing fate
decisions was developed by
Waddington in the first half of the
last century [1]. He termed this
process ‘canalisation’ and
illustrated the idea with artistic
drawings of what he called an
epigenetic landscape (Figure 1A).
His rather theoretical idea has
proved to be correct and
fundamental. It is becoming
apparent that a variety of
mechanisms exist to ensure that
developmental decisions are
robust [2–4]. Although most
studies have focussed on theability of chromatin to convert
transient transcriptional states,
triggered by apparently fleeting
developmental signals, into long-
term cellular memory, the
increasingly detailed knowledge
of signalling mechanisms has led
to a recognition that these
pathways themselves have
sometimes evolved into robust
networks that generate stable
decisions [5].
An example of apparently
similar cells making distinct fate
decisions are the colour-
detecting photoreceptors of the
retina. To see colours, our brain
computes the outputs of
photoreceptors with different
spectral sensitivities. The fruitfly
Drosophila has a random mosaic
of colour-detecting
photoreceptors in its retina
(Figure 1B) [6] and a recent paper
[7] has described a mechanismFigure 1. Robustness and cell fates in the Drosophila eye.
(A) Waddington’s epigenetic landscape. Cell fates are represented by valleys and, as cells
‘roll down the hill of development’, they are increasingly unable to cross the intervening
ridges, i.e. their fates become robust. From [13]. (B) Fluorescent micrograph of a
Drosophila retina showing the stochastic distribution of ‘yellow’ (labeled in green) and
‘pale’ (red) R8 photoreceptor cells. Image courtesy of Claude Desplan.that ensures that these cells
make a robust choice between
alternative colour-detecting fates.
The Drosophila compound eye is
formed from about 800 unit eyes
(ommatidia), each with six
monochromatic outer
photoreceptors surrounding two
stacked colour detecting
photoreceptors, known as R7
and R8. The R7/R8 pair comes in
two randomly distributed forms:
70% are ‘yellow’, with R7
expressing the rhodopsin Rh4
and R8 expressing rhodopsin
Rh6; the remaining 30% are
‘pale’, with R7 expressing Rh3
and R8 expressing Rh5 (‘yellow’
and ‘pale’ refer to their
appearance under a microscope)
[8,9]. Yellow ommatidia detect
longer wavelengths, into the
green part of the spectrum, while
the pale ones detect shorter
wavelengths, in the blue and UV
range.
The decision between a yellow
or pale fate is initiated when the
R7 cell in each ommatidium
makes an apparently stochastic
choice of whether to express Rh3
or Rh4. This decision is then
communicated to the adjacent R8
cell, forcing it to comply with the
‘golden rule’ that R8 must express
Rh5 if partnered with an Rh3-
expressing R7, or Rh6 if partnered
with a Rh4-expressing R7 [9]
(Figure 2A). To investigate further
the mechanism underlying retinal
mosaicism, Mikeladze-Dvali et al.
[7] searched for genes expressed
in mosaic patterns and found one
that was restricted to yellow R8s.
Intriguingly this was the warts
(wts) gene (also known as lats),
encoding a cytoplasmic
serine/threonine kinase already
famous for its role as a tumour
suppressor that regulates cell
growth and death [10]. Their
attention was then drawn to
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R925another gene, melted (melt)
which, they discovered by a
stroke of pure serendipity,
showed genetic interactions with
wts, indicating some kind of
functional relationship. Melt is a
cytoplasmic protein with PH-
domains and also has past form,
being known for its involvement in
insulin signalling [11]. Intriguingly,
Melt was found to be expressed in
a reciprocal pattern to Wts — only
in pale R8 cells [7].
That these genes actually have
functional importance in R8 fate
determination was addressed
genetically, and the results were
gratifyingly straightforward. Both
genes were required in the R8
cells and when wts function was
reduced, all R8 cells adopted the
pale fate. When melt was absent,
all R8 cells took on the yellow
fate. Conversely, ectopic
expression of wts drove all R8
cells to the yellow fate, while
ectopic melt led to all R8s being
pale.
So, to recap the story so far,
wts and melt have reciprocal
expression patterns and functions
in the R8 mosaic: wts specifies
yellow R8 cells, and melt pale
ones. What does this have to do
with robustness? The answer lies
in their effect on each other’s
expression: they form a classic
double negative feedback loop —
a mechanism recognised to
generate bistable decisions as
early as 1961 by Monod and
Jacob [12]. wts expression
represses melt expression and
vice versa. Moreover, each of
these proteins activates its own
expression. Therefore, a cell with
high Wts will not express Melt
and, conversely, Melt expressing
cells will not express Wts. As Wts
and Melt cause the expression of
rh6 and rh5, respectively, this
forms the heart of a robust switch
between yellow and pale R8 cells
(Figure 2B).
With this general concept in
place, the details emerged from
further genetics. By studying the
effects of R8 cells that are
simultaneously mutant for wts
and melt (all cells expressed rh5,
none rh6), it became clear that
wts was essential for rh6
expression; however, if wts was
removed from the cell, melt wasFigure 2. Feedback stabilised cell fate choice of colour-sensing ommatidia.
(A) Two classes of ommatidia expressing different classes of opsin proteins are used to
discriminate different colours in Drosophila. ‘Yellow’ ommatidia (left) express opsin Rh4
in their R7 cell and opsin Rh6 in their R8 cell; they detect longer wavelengths in the visible
spectrum. ‘Pale’ ommatidia (right) express opsin Rh3 in their R7 cells and opsin Rh5 in
their R8 cells; they detect shorter wavelengths in the UV to blue part of the spectrum.
(B) A mechanism for ensuring robust fate decisions by R8. At the heart of the mechanism
is a bistable negative feedback loop between Wts and Melt. When Wts ‘wins’, rh6 expres-
sion is activated. When Melt ‘wins’, rh6 is not expressed and rh5 is de-repressed. An
unidentified signal from Rh3-expressing R7 cells causes Melt to win in pale ommatidia,
thereby coupling the Rh3- and Rh5-expressing fates. Modified from [7].
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These results imply different
roles for Wts and Melt: Wts is
directly necessary in yellow R8s
for the transcriptional activation
of rh6; however, Melt is needed
to repress Wts and thereby
derepress rh5 in pale R8s, rather
than for rh5 activation directly.
Finally, by studying mutants in
which the R7 cell was missing, it
could be inferred that the
instructive signal from R7 biases
the bistable loop in favour of Melt
in pale R8s.
To summarise the network that
leads to a robust decision, R8
cells express the mutually
repressive proteins, Wts and
Melt, which form a bistable
feedback loop. Wts is an activator
of rh6 expression and a repressor
of rh5. For reasons that remain to
be determined, the default state
of this feedback loop is for Wts to
be on, Melt off, leading to rh6 on;
this makes a yellow R8. If,
however, an R8 cell receives a
signal from an Rh3-expressing R7
cell, the repressive loop is biased
in favour of Melt, either by
activating Melt or repressing Wts;
the consequent stable repression
of Wts prevents rh6 expression
and depresses rh5.
Of course many questions
remain: what is the elusive signal
from R7 to R8? What quantitative
properties stabilise the negativefeedback loop? Does a similar
bistable feedback mechanism
underlie the initial stochastic fate
decision by R7, and how is that
decision tuned to produce a 70:30
ratio of yellow to pale ommatidia?
And, is there any significance to
Wts and Melt both leading ‘double
lives’, with their alter egos being
involved in growth control? Or is
this just a case of evolutionary
parsimony — Nature reusing the
toolkit of signalling proteins
available? There is also more
complexity in the system than
illustrated in Figure 2B. Neither
Wts nor Melt are transcription
factors, but their mutual
repression and the ultimate
readout of the feedback
mechanism is at the level of gene
expression; hence, each arm of
the feedback loop must actually
comprise a signalling pathway
leading to the nucleus.
Nevertheless, the elegant work of
Mikeladze-Dvali et al. [7] adds to a
growing appreciation that built-in
robustness is a fundamental
property of many signalling
pathways. It is important to
remember that this feedback
mechanism does not initiate the
yellow/pale decision, that’s done
by the R7s; instead, it appears to
ensure its fidelity and stability.
Cells not only have to make fate
decisions, they also have to stick
to them.
Current Biology Vol 15 No 22
R926References
1. Waddington, C.H. (1942). Canalization of
development and the inheritance of
acquired characters. Nature 150,
563–565.
2. Ferrell, J.E., Jr. (2002). Self-perpetuating
states in signal transduction: positive
feedback, double-negative feedback and
bistability. Curr. Opin. Cell Biol. 14,
140–148.
3. Freeman, M. (2000). Feedback control of
intercellular signalling in development.
Nature 408, 313–319.
4. Stelling, J., Sauer, U., Szallasi, Z., Doyle,
F.J., 3rd, and Doyle, J. (2004).
Robustness of cellular functions. Cell
118, 675–685.
5. Prill, R.J., Iglesias, P.A., and Levchenko,
A. (2005). Dynamic properties of network
motifs contribute to biological network
organization. PLoS Biol. 3, e343.
6. Franceschini, N., Kirschfeld, K., and
Minke, B. (1981). Fluorescence ofTiffany M. Knight and 
Jonathan M. Chase
The volcanic eruption of Mount St.
Helens in 1980 devastated human
life and property, as well as plant
and animal life across an area of 60
km2. This catastrophic disturbance
has been intensively studied for
the past 25 years by ecologists,
who have gained valuable insights
on the successional dynamics that
lead to the rehabilitation of
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Nitrogen-fixing plants, such as
lupines (Lupinus sp.), are critical to
primary succession, as these
species enrich the otherwise
intolerable soil and allow other
species to subsequently establish
[2]. Thus, it is of critical interest to
understand the factors that control
the colonization of nitrogen-fixing
plants in a successional series.
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both classical [4] and
contemporary [5] views of
succession rarely consider
herbivores as playing a major role
in successional pathways in
terrestrial ecosystems. A series of
studies on the interactions
between herbivores and important
nitrogen-fixing plants on Mount
St. Helens has been dispelling the
view that herbivores play a
passive, rather than active, role in
the processes of succession
(Figure 1A). Bill Fagan, John
Bishop and their colleagues [6–8]
have discovered that lupine-
specific lepidopterans depress
the colonization and spread of the
nitrogen-fixing lupine, Lupinus
lepidus. Of particular importance
are caterpillars of moths in the
genus Filatima, which consume
Mount St. Helens with Mount Adams in the
lthy plants. (Both photographs courtesy of
